The hip musculature is globally known to support the pelvis, which aids in reducing the occurrence of low back pain (LBP). The hip abductors have an important role in stabilizing the pelvis while walking, but previous research has shown a decrease in strength of the hip abductors in patients with LBP. Due to the ability to activate and assist with hip and leg motions, the adductor muscles may have an effect on controlling hip motion to reduce LBP and sacroiliac dysfunction to compensate for weak hip abductors. The hip adductors stabilize the femur during low extremity injuries. However, it is unknown if the hip adductors respond in a similar fashion when pertaining to those with LBP. Objective: To calculate the hip abductor to hip adductor strength ratio in people with and without LBP. Participants: Participants were allocated into either control (n=15, 179.9cm + 8.3, 75.6kg + 16.0, age 21.9 + 1.8) or LBP (n=15, 169.3cm + 9.3, 76.2kg + 18.5, age 21.9 + 4.3) groups based on the inclusion criteria. The participants in the control group could not have LBP pain as determined with a 0% on the Oswestry Disability Index (ODI) and 0 on the Visual Analogue Scale (VAS) and were between the age of 18-40. Participants included in the LBP group rated pain as > 3cm on the VAS, 20-40% on the ODI, met 3 out of 4 of the clinical predictor rules for LBP, and be between the age of 18-40. Those with previous surgeries from the low back and/or lower extremity, a specific diagnosis for LBP (e.g., herniated disc, spondylolysis), or current pregnancy, were excluded from the study. Methods: Participants performed a side lying straight leg raise (SLR) for hip adduction and hip abduction of both legs. Participants isometrically contracted at maximal force into a mobilization belt for 5 seconds. The desired range of motion for the SLR was, 10° of hip adduction and 30° of hip abduction. A mobilization belt was properly tightened to each participant's degree of motion. Data was recorded using a hand-held dynamometer connected to the mobilization belt to enforce an immoveable object. The highest value of 3 trails was recorded and used in the data analysis. A strength ratio was calculated by dividing hip adductor strength from hip abductor strength for each leg. A ratio greater than 1 indicated stronger hip abductors.
The World Health Organization reports low back pain (LBP) as one of the leading causes of disability in the world. 1 Eighty-five percent of LBP cases are classified as non-specific LBP, meaning that no specific pathology has been diagnosed. 2 Previous research has identified treatment options for reducing LBP in different populations, such as utilizing strengthening exercises for hip and trunk musculature. [3] [4] [5] [6] Specifically, a need for increased strength in the hip abductors and abdominals has been shown, [7] [8] [9] [10] [11] [12] [13] [14] [15] as well as the effects opposing musculature of the hips and trunk have on LBP when not balanced, including the hamstrings, iliopsoas, quadriceps, and back extensor musculature. 8, 12, [16] [17] [18] [19] The muscles of the hips and trunk, if overactive or tight, can cause biomechanical changes in the body such as lordosis, kyphosis, and other postural abnormalities. Although research on the causes of non-specific LBP have ended generally inconclusive, [20] [21] [22] [23] researchers and clinicians have found that strengthening the hip and trunk musculature to be beneficial in treating those with LBP. 3, 9, 24, 25 Muscular strength ratios for patients with LBP have been measured in opposing musculature such as the back extensors and abdominals. 26, 27 The trunk extension/flexion ratio of the low back pain group (men, 0.96 + 0.27; women, 0.77 + 0. 19 ) was compared to the non-low back pain group, which demonstrated significantly higher values of 1.23 + 0.28 and 1.00 + 0.16 for men and women, respectively. 27 A ratio greater than 1.00 indicates greater strength in favor of the trunk extensors, less than 1.00 expresses the ratio showing greater abdominal strength. 27 This strength ratio was made in participants prospectively followed over five years, which may indicate the continuous weakness of the back extensors over long periods of LBP. However, this contradicts most research in that weak abdominal musculature produces an anterior tilt of the pelvis and increases lumbar lordosis, and that participants with LBP have decreased abdominal strength. 5, 8, [12] [13] [14] 16, 23, 28 Although the hip musculature has been assessed in previous studies, 15, 23 no conclusions were drawn between the difference in strength of the hip adductor and hip abductor muscles in those with and without LBP. In many studies, research has shown a decrease in strength of the hip abductors in patients with LBP. 7, 9, 15, 23, 29, 30 There has been no previous research showing a direct relationship between the strength of the hip adductor muscles and LBP.
The hip adductors attach to the pubic symphysis and assist in stabilizing the pelvis. 23, 31 Depending on the joint position, the adductor muscle group can assist with multiple motions at the hip (i.e., flexion, extension and hip rotation). 32, 33 Due to the ability to activate and assist with hip and leg motions, the adductor muscles may have an effect on controlling hip motion to reduce LBP and sacroiliac dysfunction, 12 if activated properly. The adductors also show increased strength to stabilize the femur following lower leg injuries to compensate for weak abductors. 29, [34] [35] [36] However, it is unknown how the hip adductors respond in those with LBP.
Therefore, the purpose of this study was to identify the hip abductor to hip adductor strength ratio in patients with LBP compared to those without LBP. Due to previous research of the hip adductor musculature showing increased strength to stabilize the femur in lower leg injuries, we hypothesize the same results will be apparent in the participants with LBP.
CHAPTER II: LITERATURE REVIEW

Anatomy
Anatomy: Bones/Joints
The major components and relevant bones that articulate within the lower back and hips are the 5 lumbar spine, sacrum, ilium, ischium, pubis, and femur. 28, 32, 37 The lumbar vertebrae are composed of multiple structures and landmarks. These landmarks are the spinous process, inferior articular facet, superior articular process transverse process, pedicle, and lamina. 38, 39 The pedicle and lamina are the arching structures connecting in a circle that forms the vertebral foramen. 38, 39 The sacrum shapes the posterior wall of the pelvis with the 5 fused vertebrae it is made up of. 38, 39 These vertebrae (S1-S5) have a small palpable spinous process that are all fused together making the median sacral crest. 38, 39 Other landmarks include the superior articular processes, which articulate with the L5 vertebrae, the sacral foramina for nerves, arteries, and veins to pass through the sacrum, and the lateral articular surfaces so that the sacrum may articulate with the ilium.
38,39
The pelvic girdle is made up of the ilium, ischium and pubis. 38, 39 The ilium is the most superior bone of the three. 38, 39 There are many important bony landmarks on the ilium that are used for muscle or ligament attachment. The iliac crest is the superior curved aspect of the ilium and serves as a major attachment point for muscles of the hips, legs, and abdomen. 37, 39 The lateral portion of the iliac crest ends at a dull point, the anterior portion is known as the anterior superior iliac spine (ASIS) and the posterior portion known as the posterior superior iliac spine (PSIS). 39 The ASIS and PSIS are considered major landmarks of the pelvic girdle because many muscles that act upon the pelvis attach at these spines. 39 Another important landmark of the ilium is the auricular surface. The auricular surface is the portion of the ilium that articulates with the sacrum, creating the sacroiliac (SI) joint. 38, 39 This is important for the weight of the body to transmit forces to the spine and pelvis. 39 The ischium is the posterior-inferior portion of the pelvic girdle. 38, 39 The ischial body is the thicker and superior portion of the ischium that connects to the ilium. 38, 39 The ischial ramus connects to the pubis at the inferior pubic ramus. 38, 39 The ischium has only a few important landmarks the serve as attachment sites for muscles or ligaments in the body. 39 The ischial spine sits at the posterior medial section of the ischium and is an attachment point for the sacrospinous ligament. 39 The ischial tuberosity is the posterior inferior portion of the ischium and serves as an origin marker for the hamstring muscles. 38, 39 The ischial tuberosity is also the bone humans use to sit on. 39 The pubis forms the anterior inferior portion of the pelvis. 38, 39 The pubis is connected to the ilium and ischium at the body of the ilium, and also articulates with the contralateral pubis at the pubic symphysis. 39 Another important structure for ligamentous connection is the pubic tubercle. This is where the inguinal ligament attaches. 38, 39 The three bones of the pelvis all articulate at one section that creates a depression in the bony structure. 38, 39 The anatomical landmark is known as the acetabulum. 38, 39 The acetabulum serves as the joint structure for the head of the femur to sit in. The femur is the longest bone in the body. Important landmarks for muscle attachment include the greater and lesser trochanter which are lateral and medial to the neck of the femur. 38, 39 The greater and lesser trochanter projections serve as attachment sites for the thigh and gluteal muscles. 39 Posteriorly on the femur, the gluteal tuberosity serves as the main site of attachment for the gluteal muscles. 39 The gluteal tuberosity continues inferiorly to the mid shaft of the femur. The line is called the linea aspera, which is important for attachment of hamstring and adductor musculature. 39 The medial (or adductor) tubercle at the distal aspect of the femur is the attachment site for the many adductor muscles. 39 As the lateral epicondyle will serve for the abductor muscles.
39
Anatomy: Ligaments
The ligaments of the lumbar spine and pelvis are important for providing the strong stability these bones have while articulating with one another. The major ligamentous anatomical structures relevant to this area are; supraspinous and interspinous ligaments (connecting spinous process to spinous process down the spine), anterior and posterior longitudinal ligaments (runs alongside or inside the spinal canal to provide stability), ligamentum flavum (protects spinal cord and partially covers the facet joint of the spine), intertransverse ligament (connecting between each transverse process), iliolumbar, sacroiliac, sacrospinous and sacrotuberous ligaments.
37,38
The iliolumbar, sacroiliac, sacrospinous and sacrotuberous ligaments are important for keeping the lumbosacral region of the spine stable on the pelvis. 39 The iliolumbar ligament attaches to L5 and its transverse process and partially on the L4 transverse process and inserts on the iliac crest. 37, 39 The sacroiliac ligament connects from the depression of the ilium to the posterior sacral body along the sacral crest. 37, 39 This ligament keeps the sacrum stable during nutation and counter-nutation. 37, 39 The sacrospinous ligament runs from the ischial spine to the lateral parts of the sacrum and coccyx. 39 The sacrospinous ligament supports the sacrum during weight bearing. 32 The sacrotuberous ligament consists of three large fibrous bands connecting from the inferior portion of the sacrum on the sacral tubercles and inserts on the ischium. 37, 39 It stabilizes against nutation of the sacrum and counteracts against posterior and superior migration of the sacrum during weight bearing. 32 The hip ligaments consists of the iliofemoral (the y-ligament, limits hyperextension of the hip), pubofemoral (limits abduction), and the ischiofemoral ligaments (limits internal rotation and adduction). 32, 38 The iliofemoral ligament has two bands. These bands run from the anterior medial portion of the greater trochanter of the femur, while the lower band begins closer to the lesser trochanter and attaches on the on the ilium supporting the femur at the acetabulum. 38, 39 The pubofemoral ligament is the triangular shaped thickening of the inferior portion of the capsule. 39 The pubofemoral ligament attaches just lateral to the lesser trochanter to the pubis. 38, 39 The ischiofemoral ligament is the posterior ligament of the capsule spanning from the greater trochanter to the posterior aspect of the ischium and supports the acetabulum. 38, 39 These ligaments help provide structure, give stability, and prevent hypermobility in the spine and hips.
Anatomy: Muscles
The hip flexor musculature includes; rectus femoris, vastus medialis, vastus lateralis, vastus intermedius, iliacus, psoas major, and sartorius. 37, 38 The rectus femoris muscles has its origin on the anterior inferior iliac spine and inserts on the tibial tuberosity through the patellar tendon. 38 The rectus femoris is also innervated by the L4 nerve root by way of the femoral nerve. 38 The vastus medialis muscle originates on the anteriomedial aspect of the femur, more specifically at the intertrochanteric line. 38 The insertion of this muscle forms into the patellar tendon and onto the tibial tuberosity. 38 This muscle is also innervated by the femoral nerve. 38 The vastus lateralis muscle originates on the greater trochanter of the femur and partially on the lateral aspect of the linea aspera. 38 The insertion is on the lateral portion of the patella and into the patellar tendon to insert on the tibial tuberosity. 2738 This muscle will also be innervated by the femoral nerve. 38 The iliacus and the psoas major, eventually come together to make the iliopsoas muscle. 38 The iliacus muscle originates at the iliac fossa and inserts on the lesser trochanter of the femur. 38 The psoas major will also insert onto the lesser trochanter, but its insertion is on the anterior portion of the lumbar spine (L1-3), and both of these muscles will be innervated by the femoral nerve. 38 The sartorius muscle is the longest muscle in the human body and will originate on the lateral aspect of the ASIS. 38 It runs obliquely across the thigh to the anterior medial aspect where it will eventually become part of the pes anserine and insert on the medial tibial tubercle. 38 This muscle is innervated by the femoral nerve. 38 The hip extensor musculature includes the hamstring muscles (semimembranosus, semitendinosus, biceps femoris) and the gluteus maximus. 32, 37, 38 The semimembranosus muscle originates on the ischial tuberosity. 32, 37, 38 This muscle can have up to 5 insertion points, 32, 37, 38 which include the posterior aspect of the medial condyle, the posterior aspect of the tibia, the medial collateral ligament, the arcuate ligament, and the popliteus muscle fascia. 32, 37, 40 The semitendinosus muscle has an origin attachment point from the ischial tuberosity region of the pelvis and an insertion attachment point on the upper medial portion of the tibia. 38 The origin attachment point of the biceps femoris muscle arises as two heads, with the long head from the ischial tuberosity region of the pelvis as a tendon. 38 The short head of the biceps femoris arises from the outside edged of the linea aspera. The fibers of the short head merge into those of the long head, which then have an insertion attachment point on the head of the fibula. 38 The hamstring muscles are innervated by the tibial nerve via the sciatic nerve, with the exception of the short head of the biceps femoris that is innervated by the common peroneal nerve. 38 The gluteus maximus muscle, which is the largest muscle of the body, originates on the posterior surface of the ilium, and the posterior inferior aspects of the sacrum and coccyx, depending on the fibers. 38 The gluteus maximus inserts on the gluteal tuberosity. 38 This muscle is innervated by the inferior gluteal nerve, branching from the L5, S1 nerve root.
37,38
The hip abductor musculature includes the gluteus medius and tensor fascia latae/iliotibial band. 37, 38 The abductors have a crucial role in supporting the body during standing and walking, and are considered a postural group of muscles. 37, 41 The gluteus medius muscle originates on the outer surface of the ilium just inferior to the iliac crest and spans most of the outer surface of the ilium. 38 The insertion for this muscle is on the greater trochanter of the femur. 38 The superior gluteal nerve between L5-S1 innervates the gluteus medius muscle. 38 The tensor fascia latae originates on the anterior portion of the iliac crest. 38 It forms into the iliotibial band as it continues down the lateral thigh. 38 The iliotibial band inserts on the lateral condyle of the tibia and is innervated by the superior gluteal nerve. 38 The hip adductors include; adductor magnus, adductor longus, adductor brevis, pectineus and gracilis. 37, 38 These muscles all adduct the hip, while some also flex or extend the hip. The hip adductor musculature all originates on the pubis and inserts on various portions of the posterior and/or medial aspect of the femur. 38 The adductor magnus is split into two heads, the oblique head, originating on the inferior ramus of the pubis and inserting on the gluteal tuberosity, linea aspera and proximal supracondylar line of femur. 38 The vertical head of the adductor magnus originates on the ischial tuberosity and inserts on the adductor tubercle. 38 The oblique head of the adductor magnus is innervated by the obturator nerve, while the vertical head is innervated by the sciatic nerve. 37, 38 The adductor longus originates on the superior portion of the pubis and inserts on the middle third of the linea aspera. 38 The adductor longus is innervated by the obturator nerve. 38 The adductor brevis muscle originates on the lateral surface of the pubis and inserts on the proximal portion of the linea aspera. 38 This muscle is also innervated by the obturator nerve. 38 The pectineus muscle originates on the pectineal line, along the superior ramus of the pubis and inserts on the posterior surface of the femur, just inferior to the lesser trochanter. 38 The pectineus is innervated by the femoral nerve. The gracilis muscle originates on the inferior surface of the pubis, just lateral of the pubic symphysis. 38 The insertion of the gracilis muscle becomes part of the pes anserine and attaches onto the proximal medial tibia. 38 The muscle is innervated by the obturator nerve. 38 Moving away from muscles that act on the hip, the abdominal musculature is important for spinal stability and the transfer of forces from the pelvis. The abdominal musculature consists of; rectus abdominus, transversus abdominis, and internal and external oblique. 37, 38 The rectus abdominus muscle originates on the superior edge of the pubis and pubic symphysis and inserts on the costal cartilage of ribs 5-7, and partially on the xiphoid process. 38 The rectus abdominus is innervated by the lower intercostal nerves. 38 The transversus abdominis muscle has multiple origin points due to the muscle wrapping around the body. The origin points are the inner surfaces of the lower six ribs, thoracolumbar fascia, iliac crest, and the inguinal ligament. 38 The insertion is on the linea alba. 38 Since this muscle spans so much of the body it is innervated by multiple nerves. 38 The nerve innervations include the 7-12 intercostal, iliohyogastric, and ilioinguinal nerves. 38 The internal oblique originates on the anterior iliac crest, the inguinal ligament, and the thoracolumbar fascia, while its insertion is on the linea alba and the costal cartilage of the lower five ribs. 38 Much like the transverse abdominus, the internal oblique muscle is innervated by the 8-12 intercostal nerves, iliohyogastic, and ilioinguinal nerves. 38 The external oblique originates on the external surfaces of ribs 5-12 and inserts on the iliac crest and the linea alba. 38 The external and internal oblique muscles are innervated by the same nerves.
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The back-extensor muscles include; quadratus lumborum, iliocostalis, multifidus, and spinalis. 37, 38 The action these muscles perform is trunk/back extension and some muscles may assist in trunk rotation. 32, 37 The quadratus lumborum muscle originates on the posterior iliac crest and the iliolumbar ligament, and inserts on the transverse processes of L1-L4. 38 This muscle is innervated by the lumbar spinal nerves. 38 The iliocostalis originates on the sacrum and the medial portion of the iliac crest and inserts on the outer surface of the lower six ribs. 38 This muscle is innervated by the thoracic and lumbar spinal nerves. 38 The multifidus spans the all way up the spine attaching onto each spinous process, and originates on the posterior sacrum, superior iliac spine, mammillary processes of lumbar vertebrae, and transverse processes of the thoracic vertebrae. 38 This muscle is innervated by the spinal nerves at each vertebral level. 37, 38 The spinalis muscle originates on the spinous processes of T10-L3 and inserts on the spinous processes of T1-T8. 38 This muscle is innervated by the dorsal rami of the thoracic and lumbar spinal nerves.
Low Back Pain
The World Health Organization reports low back pain (LBP) as one of the leading causes of disability in the world. 1 Lifetime prevalence of LBP has been reported to be as high as 84%. 42 Of these patients, approximately 85% are classified as non-specific LBP, meaning that no specific pathology is causing the pain. 2 Although it is difficult to follow due to differentiating criteria on what a recurrence of LBP is, studies have shown that the recurrence rate for episodes of LBP can be anywhere between 25-74%. [43] [44] [45] Previous research has attempted to present treatment for reducing LBP in different populations, however due to extensive confounders, research is generally inconclusive. However, there is exponential progress in understanding what treatments should be administered to patients with LBP. By using clinical prediction rules (CPRs), 46 a practicing clinician may determine what intervention could be effective for improving care. 46, 47 While using the CPR, the clinician is able to determine whether a patient is to be treated using spinal manipulation, stabilization exercises, or mechanical traction treatment achieve a high clinical outcome. 46, 48 The CPRs for preliminary prediction rule for success with stabilization treatment contains 4 variables: positive prone instability test, aberrant movements present, average SLR greater than 91°, and age greater than 40 years old. 47, 49 It is suggested that the observation of aberrant movement patterns during active trunk motion is valuable in the diagnosis of lumbar segmental instability. 49 The presence of aberrant movements may represent an inability to adequately control lumbar motion and indicate a need for stabilization exercises. 49 
Non-specific Low Back Pain: Muscular
Over the years, researchers have conducted many experiments to understand the effects of the muscular anatomy in the back and hips in order to find a solution for those suffering with LBP. 8, 9, 12, 14, [50] [51] [52] Due to muscular origin and insertion of several muscles on the pelvis, it has been shown that tight and weak musculature can disrupt the normal positioning of the pelvis. 50, 51, 53 As the pelvis moves during activity, the musculature attaching onto the pelvis and lumbar spine must all accommodate in order to have fluid motion. While an agonist muscle is creating an action, (i.e. the hip flexors flexing the hip to walk forward), the antagonist muscle (hamstrings and gluteals) must also fire to keep the pelvis symmetrical and stabilized. 21 When the agonist and antagonist muscle have an imbalance in tightness or strength, pelvic obliquity and postural abnormalities occur. 9, 21, 22, 54 The hip flexor muscle group would create an anterior tilt of the pelvis, creating more lumber lordosis, which can lead to LBP. 4, 28 Throughout multiple research studies assessing the hip flexors and the relationship to LBP, no significant association between hip flexor muscle length and lumbar lordosis or LBP have been found. [21] [22] [23] 55 There are records however, showing that the strength of the hip flexors muscles has an effect on LBP. 23 These results suggest that subjects with weaker hip flexor muscles had LBP compared to healthy subjects. 23 In many cases and studies on LBP, one of the most common findings is that the subjects with LBP have hamstring tightness. 4, 16, 17, 28 Hamstring tightness causes a posterior pelvic tilt to occur, which decreases lumbar lordosis, leading to LBP. 4, 16, 17, 28 By decreasing lumbar lordosis to a significant amount, the lumbar spine begins to lose its lordotic curve. 56 This places more pressure on the vertebrae and alter normal postural alignment. 56 Having restricted range of motion of the hamstrings, subsequently increases stiffness of the low back. 56 Although many studies discuss how hamstring tightness will lead to LBP, there have been few studies that contradict this finding. 20, 23 Other researchers believe that there is no association of hamstring tightness on LBP, but that the hamstring tightness is a compensatory mechanism for pelvic instability.
20,21,23,57
A major contributor to LBP is the strength of the abdominal muscles. It is supported that weak abdominal musculature produces an anterior tilt of the pelvis and increases lumbar lordosis, and that subjects with LBP have decreased abdominal strength. 5, 8, [12] [13] [14] 16, 23, 28 Although multiple studies have shown the importance of abdominal strength, there have also been many articles stating the opposite, that abdominal muscle strength has no association on lumbar lordosis or pelvic inclination in subjects both with and without LBP. 6, 22, 23, 50, 58 The back-extensor muscles are important for activities of daily living. Most of these muscles are prime stabilizers in supporting body weight and keeping balance of the body while standing and walking or performing other physical activities. 26, 28, 53, 59 Since the back extensor musculature is used quite frequently, it is hypothesized that back extensor endurance is a major component to LBP. This theory has been supported by researchers showing similar results in that subjects with LBP have shown decreased muscle endurance. 60, 61 Due to decreased muscle endurance, the muscles fatigue quicker and overload the soft tissues and other structures of the lumbar spine. 8, 28, 55, [60] [61] [62] [63] Previous researchers have classified these back-extensor muscles as prime stabilizers in supporting the body, which tend to shorten with overstress and back pain. 64 For this reason, flexibility within the back extensor muscles is also an important component to LBP. Lack of flexibility and tightness of the back extensor muscles has been studied and shown in patients with LBP. 18, 19, 23, 65, 66 The ability of the back extensor muscles to effect the positioning of the lumbar spine explains why other muscles attaching to the spine or pelvis are important for stabilization of the body and getting a normal posture.
17,59
The hip abductor muscles are essential in the stabilization and movement of the pelvis. 15 This is especially important when transferring forces from a two-legged to one-legged stance. 34, 35, 41 While standing, the role of the hip abductors is to keep the pelvis horizontal and equal to its contralateral side. 32, 37 The abductor muscles can cause a cascade of effects to the body biomechanically that can cause LBP. It has been shown in countless studies, that in subjects with LBP, the abductor muscles are extremely weak on the affected side or both sides in these patients. 4, 9, 12, 15, 25, 29, 36, 51 The weakness of the hip abductors causes the pelvis to drop 15 and changes the way the innominate sits within the sacrum and the spine. 59 This biomechanical change may cause LBP. The research conducted on the hip abductors for LBP has been extensive, with most concluding that strengthening exercises for the hip abductors is beneficial for treating those with LBP. The hip adductors are crucial during gait. These muscles fire continuously during the midstance transition of walking to stabilize the femur. 34, 35 As beneficial as this is, it may become problematic if there is a patient with LBP. Described in the previous paragraph, we understand that a patient with LBP has less firing and weakness of the gluteus medius and other hip abductors muscles. 4, 9, 15, 25, 29, 36, 51 This weakness does not help support the femur during gait, which will allow the femur to fall or collapse into uncontrolled adduction during movement. 68 The hip adductors do play a significant role in lateral pelvic stability. 12 Imbalances of these muscles can create pelvic obliquity. 12 The adductors have also been hypothesized to assist which sacroiliac pain, however, the effect of the hip adductors has never been directly assessed on LBP. 12,23 Nourbakhsh 23 observed the hip adductors in participants with LBP, simultaneously measuring all core and extremity musculature. The results showed the hip adductors to be taken out of the regression model, however, they did show that the hip adductors are significantly correlated to changing in strength output when surrounding musculature is affected. 23 The hip adductors have been examined in regards to pain at the hip, knee, foot, and other overuse injuries. 7, [29] [30] [31] These studies showed the hip adductors needing strengthening to reduce the risk of strains or increase support at the knee. Few studies however, described the role of the hip adductors in supporting the whole body during activities such as walking, running and sprinting. 34, 35, 68 When observing patients with overuse injuries of the knee, hip, and foot, the hip abductors were found to be weak and lack firing on the affected leg. 29, 68 As pointed out in this article, the hip adductors on the injured leg were significantly stronger than the uninjured side adductors. 29 
Muscle Imbalances
In many cases, muscle imbalances have been studied in observing a patient's posture, and determining the effect the core and surrounding musculature have on posture. 22, 28, 64 Most clinicians would expect that if a patient was standing with excessive lumber lordosis, the initial thought would be that this patient has weak abdominal musculature. 22, 28 They may also predict that the patient's erector spinae and hip flexor muscles were tight. 22, 64 This causes an increased anterior tilt of the pelvis and exaggerates lumbar lordosis. 22 These ideologies describe that an agonist musculature may be weak and that the antagonist muscle would either be short or tight.
Quadriceps & Hamstrings
The quadriceps and hamstring muscles effect the hips due to their attachment on the pelvis. The quadriceps attachment on the anterior aspect and hamstrings on the posterior aspect of the hips, control which way the hips move. 32 The quadriceps and hamstring are constantly pulling in the direction that the muscle fibers run. However, there must be balance between these muscles in order to keep the body in its natural positioning. While observing the body in pathological conditions, as opposed to normal conditions, Steindler 69 observed the concentric quadriceps (Qcon) and concentric hamstring (Hcon) strength in order to determine differences in the body biomechanically that are introduced with a pathological condition such as LBP. The generalization is that absolute knee extension muscle force should exceed knee flexion force by a magnitude of 3:2 i.e. Hcon/Qcon of 0.66. 69 Values ranging from 0.43-0.90 for this knee flexorextensor ratio have been reported. 69 A 'normal' Hcon/Qcon ratio of 0.6 is frequently used as an injury prevention and rehabilitation tool. 70, 71 A higher H/Q ratio would represent greater balance, and of particular interest would be considering the eccentric hamstring (Hecc) contraction to Qcon, due to the high quadriceps moment production observed during knee extension. An
Hecc/Qcon ratio of 1.0 would be the recommendation.
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Back Extensors & Abdominals
Researchers have studied the effects of the back extensor muscles and abdominal muscles when evaluating the relationship to LBP. It has been shown that increased lumbar lordosis and weak abdominal muscle force show a link to the contribution of LBP. 54, 73 In one study, the trunk strength compared to healthy participants. 13 While in this study the patients were evaluated based on their own specific strength ratio measurements, the ratios showed that the patients had attempted extension strengths that were significantly less than their strengths in the other types of movements tested.
13
Abductors & Adductors
The natural hip adductor to abductor strength ratio is approximately 1.4 rad/s, showing that the adductors output slightly more force. 74 The hip adductor and abductor muscles play an essential role in lateral pelvic stability. 12 A muscle imbalance between these two muscle groups, due to either muscle weakness or tightness, can cause pelvic obliquity resulting in LBP. 15 It has been shown that the hip abductor muscles weaken when LBP is present, 9,15 but the effects of the adductors have only been studied at the knee when the abductors become weak. These results
shown that the adductors actually increase in strength and force output. 29 It is hypothesized that this occurs in order to stabilize the femur for the surrounding musculature. 31, 34, 35 However, it is unclear how the hip abductor to adductor strength in those with LBP compare to healthy participants.
Non-specific Low Back Pain: Bony
A major factor to causing LBP can be lumbar lordosis. Studies have shown that subjects with increased lumbar lordosis experience more pain, however, the size of the lordotic curvature has no relationship on the development of LBP. 22, 53, [75] [76] [77] Usually associated with lumber lordosis, is sacral inclination. Studies have found that patients that suffer with LBP caused by lumber lordosis also have a certain degree of sacral inclination. The degree of sacral inclination is associated with the amount of curvature in lumber lordosis. 78, 79 This increased amount of lumbar lordosis and sacral inclination alters postural positioning that causes people to put more stress on the lumbar spine, creating pain.
Lumbar lordosis may also be affected by the tilt in one's pelvis. As the back and legs move, so does the pelvis. As the lumbar spine is moved into more lordosis, typically the pelvis will increase its inclination and move into an anterior rotation. Changes in pelvic inclination have been speculated to increase lumbar lordosis and cause LBP. 4, 16, 28 In multiple studies regarding the amount of anterior tilt and pelvic inclination, results have shown that there are significant changes in pelvic inclination and the relation of this angle to healthy asymptomatic subjects and subjects with LBP.
53,75,80
Specific Low Back Pain
Approximately 5-15% of LBP can be attributed to a specific cause such as an osteoporotic fracture, neoplasm or infection. 81 With many anatomical structures in the low back and hips, there is always the possibility of acquiring LBP through a specific condition. Examples of these include fractures, spondylosis, spondylothesis, disc herniations, and congenital defects.
Specific LBP can also occur when the body's alignment is changed, which is typically congenital. Without pelvic stabilization, the pelvis has increased mobility, which may lead to pelvic malalignment and can cause LBP. 53, 82, 83 Leg length discrepancy or inequality has been shown to cause LBP, lateral pelvic inclination and lumbar scoliosis. 82 It is believed that a leg length discrepancy may cause changes in the orientation of the innominate. This results in rotation of the innominate anteriorly on the shorter leg and posteriorly on the longer leg. 84 This innominate rotation is thought to create a sacral tilt, which affects the articulation of the lumbosacral joint. 84 
Handheld Dynamometry
A Handheld Dynamometer (HHD) is an instrument used to quantify and give an objective measurement to muscle force production. 85 In multiple studies, when using a HHD on lower extremity muscles, the intrarater and interrater reliability is considered high (0.90-0.99). 12, [85] [86] [87] The issues that clinicians may run in to when using a HHD is measuring musculature that could be very strong. This may cause the researchers hand to move due to the amount of force needed to resist the participant. To combat this, a belt may be used to fixate the arm and the hand if necessary and reliable and valid results of HHD can still be created. 85, 87 By increasing the stabilization of the hand measuring the lower extremity there is less error to occur.
To measure of the adductor and abductor muscles, the subject must perform a motion that will elicit force coming singularly from these muscle groups as possible. These have been determined through the side-lying straight leg raise for adduction(SLRAD) motion generating the most isolated contraction of most adductor muscles. 88 Side-lying straight leg raise for abduction (SLRAB) has also been shown to demonstrate high activity of the gluteus medius and abductor muscles when performing the SLRAB and creating more isolation to this musculature. 67 This motion also limits the activation or involvement of surrounding muscles such as the gluteus maximus. 67 In order to normalize strength measurement data according to body mass (BM) and sex, the following recommendation has been applied. normalizing force to BM and torque to BMxH. 89 It is an effective ratio standard method of removing body-size dependence for all hip strength measures. 89 Also, normalizing hip strength to BM with the experimentally observed allometric b-values (bmusc or bavg) also allows for body-size-independent measures. 89 BMxH may be appropriate for removing body-size dependence in nonathletic, heterogeneous populations. However, using the validated sex-specific bavg values for force (men, .554; women,
.335) and torque (men, .792; women, .482) is recommended for the normalization of hip strength.
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Using body-size-independent normalization techniques also allows for more appropriate comparisons of results, which will produce a more consistency. 89 Ratio standard normalization of hip strength force by BM. 89 
Oswestry Disability Index
The Oswestry Disability Index (ODI) is a condition-specific outcome measurement tool used to identify limited functionality in patients and the severity of LBP. 90 The test is considered the 'gold standard' of low back functional outcome tools. 90 The ODI uses a graded scoring system in order to determine the severity of pain and functionality in patients completing the survey. 90 The grading survey allows the participants to pick a statement that most relates to the way they feel, the scores being 0-5, 0 being the subject does not experience pain or limit in function, 5 being the subject is in intense pain and cannot perform any function of movement comfortably. 90 The sections of the ODI are; pain intensity, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, and travelling. 90 After the subject grades each section, the scores are added up. This combined total is then converted into a percentage score, by multiplying by 100. The percentage score provides the severity and amount of disability the patient is experiencing for the clinician to objectively understand. The severity percentages are 0-20%, indicating minimal disability. 90 Subjects with minimal disability can cope with most living activities, usually no treatment is needed. 90 Moderate disability (21-40%) indicates these patients experience pain with most functions of lifting, standing, and walking, but are able to easily perform activities of daily living. 90 Severe disability (41-60%) indicates pain remains the main problem in this group, but activities of daily living are affected. 90 These patients require a detailed investigation. Those that score 61-80% indicates the patient is crippled, back pain impinges on all aspects of the patient's life and a score of 81-100% indicates that these patients are bed bound.
CHAPTER III: METHODS
Design
This was a descriptive laboratory study, utilizing a cross-sectional measure of the hip abductor and hip adductor force production to create a strength ratio between the two muscles.
Participants were randomized into control or LBP groups based on inclusion and exclusion criteria. Randomization and assessment of the participants was done by a second researcher. The researcher performing all strength measures was blinded to group allocation. In both groups, the maximal force production of the hip abductors and hip adductors on both legs was measured to evaluate differences between groups.
Participants
Thirty participants volunteered to be a part of this study (Table 1) . Exclusion criteria included a specific diagnosis resulting in LBP, previous surgeries to the back or lower extremity, pregnancy, or a score < 20% or > 40% on the Oswestry Disability Index (ODI). Participants signed the University's approved informed consent to participate in this study. Inclusion criteria for this study included participants between the ages of 18-40 with non-specific LBP, a Visual
Analogue scale (VAS) of > 3cm, and scores between 20-40% on the ODI. This ODI scoring,
indicates that the participant experiences moderate disability when attempting to complete activities of daily living (ADL; i.e., sitting, standing, lifting objects). 91 Participants were also given a 4-item checklist using clinical predictor rules (CPR) to assess participants with LBP to be included in the study. 47 The participants needed to fulfill 3 out of the 4 criteria: having < 90°
of an active SLR, positive prone instability test, present aberrant movements, and being less than 40 years of age. 48, 49 The participants in the control group completed the same questionnaires, and needed to score 0% on the ODI and 0 for VAS. Table 1 Participant Demographics
Note. This table displays the participant demographic for both the Control and LBP groups.
Instrumentation
All participants completed an ODI 90, 92 and a VAS. 93 The ODI is considered the 'gold standard' of low back functional outcome tools. 90 A change of 12.8% is considered the minimal detectable change for changes in disability. 94 The VAS quantifies subjective pain using a 100cm line with only the end points labeled as "no pain" and "worst pain". 93 A minimal clinical difference for the VAS is 9-10mm. 95 To measure muscle strength of both the hip adductor and hip abductor muscle groups, a hand-held dynamometer (HHD; Lafayette Manual Muscle Tester Model 01163) with a strap was implemented. Using a HHD has been shown to be a reliable measure when recording results for strength in the hip abductors and hip adductors.
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Procedures
Each participant had strength measurements recorded for the hip adductors and hip abductors on both legs. Using the HHD, the rater taking the measurements would apply the HHD at the distal third of the femur. 39, 88 For the hip abductors, measurements were taken at the lateral distal third of the femur. 39, 86 The HHD was connected to a non-elastic mobilization belt, allowing for maximal contraction to occur into an immovable object. The participant was brought to 30° of hip abduction, which removed any slack from the strap. For hip adduction the participants were brought to 10° of hip adduction. 96 The action that the participants completed for both hip adductors and hip abductors was a side-lying straight leg raise (SLR). The SLR exercise was picked as the manual muscle test to be performed due to highest activation of the hip adductor and abductor muscle groups. 67, 88 Participants were shown both positions and instructed on how to perform the movements correctly. The participants were allowed to practice no more than three times before data collection, in order to familiarize themselves with the action without creating fatigue. The order of the testing positions was performed randomly.
Participants performed the side-lying SLR 88 for the hip adductors (SLRAD: Figure 1) was lying on the same side as the adductor muscle group being tested. The non-testing hip and knee were flexed and rotated so that the foot was flat on the table in front of the leg being tested.
The leg being tested was kept straight throughout the movement while the participant adducted up towards the ceiling.
The participants completed the side-lying SLR for the hip abductors 87 (SLRAB: Figure 2) lying on the opposite side as the abductor muscle group being tested. The non-testing leg was straight on the table in line with the rest of the body. The leg being tested was kept straight throughout the movement while the participant abducted up towards the ceiling.
For each muscle group on both legs, the movement was performed and measured three times each, each contraction was held at maximal effort by the participant for five seconds.
Before the next test was performed, the participants were given a minimum of five seconds to relax. The researcher asked each participant before the manual muscle test, "Are you ready?". At that time the next test was performed. All three measurements were recorded, using the highest recorded measurements as the participant's force for that muscle group.
Data Analysis
A total of 42 participants were assessed for inclusion criteria. Twelve participants were excluded from the study due to not fulfilling all requirements of the inclusion criteria. This included participants that did not display or report 20%-40% on the ODI, or < 3cm on the VAS.
The measurements of hip adductor and hip abductor strength were normalized using a ratio, similar to the activation ratio of the transversus abdominis bilaterally. 97 The strength ratio measurement was calculated by taking hip abduction strength/hip adduction strength. A ratio > than 1 indicated that the hip abductors were the stronger muscle group of the leg being measured.
A one-way ANOVA was run to assess differences in hip strength ratio between people with and without a history of LBP. Table 2 .
Strength Ratios
Right Ratio Left Ratio LBP 1.6 + 0.6 1.9 + 0.5 Control 1.7 + 0.6 1.6 + 0.6
Note. Table 2 shows the calculated strength ratio between the left and right legs for both muscle groups, between both groups. Note. Table 3 show the calculated force normalized to Body Mass for both muscle groups, on each leg, and between both groups.
CHAPTER V: DISCUSSION
This study was performed to determine if the strength ratio measurements between healthy and LBP populations were different. For both groups, the hip abductor to hip adductor strength ratios were similar to one another. Although the LBP group was experiencing subjectively moderate pain and disability, hip musculature strength was not different between groups. Also, the results of this study did not demonstrate a muscular imbalance for LBP and the control groups; however, previous researchers have identified that hip musculature weakness does affect the occurrence of LBP. 9, 10, 20, 23, 27 Researchers have suggested that hip adductors increase in strength and firing when injury occurs to the knee. 29 Additionally, it has been established that with hip weakness, mainly of the hip abductors, there is an increased need for a patient to control the direction of the femur. 68 This results in the hip adductors compensating by increasing femoral adduction to stabilize the body in stance and motion. 29, 68 Pertaining more to the hip abductors, these muscles can cause a cascade of effects to the body biomechanically that could cause LBP. Previous studies have
shown that participants with LBP have weak abductor muscles on the affected side or both sides of pain. 9, 15 The weakness of the hip abductors causes the pelvis to drop 15 and changes the way the innominate sits within the sacrum and the spine. 59 This biomechanical change may cause LBP. The research conducted on the hip abductors for LBP has been extensive, with most concluding that strengthening exercises for the hip abductors is beneficial for treating those with LBP. [2] [3] [4] 8, 9, 12, 15, 16, 25, 41, 64, 67 It is important for clinicians and researchers to be able to determine this strength ratio measurements of the hip abductors to the hip adductors to use as a rehabilitation tool in strengthening the hip musculature in patients with LBP. Knowing strengthening of the hip abductors is essential in treatment of LBP, the hip abductor to hip adductor strength ratio measurement calculated in this study may provide a clinical goal to reach in hip abductor strength for each patient.
In our study, the hip adductors did not show weakness. This may be due to the difference in participants, where weakness has been shown in older participant populations and did not use as strict inclusion criteria as this study. 9, 23 Additionally, these studies also observed LBP participants in a chronic state, whereas this study did not. For the reasons of having an athletic population and accepting participants that did not have chronic LBP, it is believed that hip abductor weakness in this study was not observed between the LBP and control groups. When comparing the strength value results for the hip abductors in this study compared to other studies, 4, 15, 23, 36 our study displayed higher strength values, by almost double. Due to the higher strength values of the hip abductors in our study, this group resembled the control group similar to other studies. 4, 15, 23, 36 It would appear that a normal strength ratio of the hip abductors to adductors would be greater than 1.0.
Research has yet to supply any type of strength ratio measurement between the hip adductors and hip abductors, and how this strength ratio may change in patient suffering with LBP. The strength ratio measurement for the control group in this study should be used as a clinical normative value for identifying a hip abductor to hip adductor strength ratio measure in a young, athletic population. Concurrently, it is believed that the strength ratio measurements created in the control group for this study, is a normative value that is applicable to all healthy populations.
Limitations
Some limitations to this study occur in the control of the setting and low level of disability on the ODI. Most of the participants recruited for the study were college-aged students and self-identified as physically active by performing physical activity at least three times a week (i.e., weight lifting, running, sports). This limited population pool affects the generalizability of the study. A limited age population may also affect the level of disability that was measured within the study. It may also be identifiable that participants with a higher range of disability could show a difference in strength ratios. Our population was classified as having non-specific LBP, suggesting they are not consulting with a physician or in severe pain to warrant physical therapy.
For future research, this study could be repeated with a participant population displaying higher disability, and weakness of the hip abductors. Future research should examine if other muscle imbalances may be associated with weakness of both the hip adductor muscles and hip abductors. This may help understand a fuller picture these muscles and their contribution to LBP.
Conclusion
While it is still unknown what the comparative effects of the hip abductors and adductors have during LBP, it is still vital for future research to identify the firing pattern and/or force production that the hip adductors present. A strength ratio measurement has been identified for the healthy control group between the hip abductors to hip adductors. This can be used to identify if any changes occur in participants with LBP. Determining appropriate muscle balance ratios and measuring differences is important for curating rehabilitation plans to enhance patient care.
